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B cos(α−γ)A cos γ
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ε = 0.25 (ε = 0.40)
θd/pi = 0.45
θd/pi = 0.25
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g* = 1, M = me
Bφ = 30 Φ0 / (pi a2)
Bz = 15 Φ0 / (pi a2)
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4 5 6 7 8 9 10
Φ / Φ0 = pi a
2




























ε = 0.25, α = 0°
g* = 1, M = me
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g* = 1, M = me
Bφ = 30 Φ0 / (pi a2)
Bz = 15 Φ0 / (pi a2)
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ε = 0.25, α = 90°
Bφ = 30 Φ0 / (pi a2)
a) ΦAB = 0
b) ΦAB = 0.25 Φ0
c) ΦAB = 0.5 Φ0



















































































































































































































































































































































































`badmUaj"ixnytvu/Emtvq:ixqdg ev=h"aUikj¤c{mj"f:uph¤ixj¤h"a:tNhzikqVh"adm:c"mjSmq:nomev a:tvuklt¾f:tvqh"f: ¼Zf- eYq:up
mupmnohSc"eYq:j¶h"a:tNhY¯{¯¦h"admipc¶j"UikqEw:ipc{mnoh"ipeYq\w:fdcŁikqdghSc{tvq:jSﬃevc"h¶tNc{mbhSc{tvq:j"¤iphShSmwUc"mnyikjSmup·h"admbev:ﬃeYj"ikhSm








mj"f:\\tNcŁip¸ym\h"a:ikjqde%vmu/¥§¦¨ª©:«­¬2¨®¦ ¯<±¯{²³tvj·ªeYukupe%r/j  ´YµY£ \ÄdevcEikq-UuxtvqdmEUmukw gvmyeYEmyhSc{ipmjtvq:w
jS¤EmyhSc{ikn·}UtvukukixjSh"ikn ¤iknoc"eYjShSc{fUnoh"fdc"mjOrm\a:tﬀvm\wdmEeYq:j"hSc{tNhSmwsadeﬀr5tvqstvwUw:iph"ipeYq:tvuÍj"\tvuku8ºa:tNc"eYqde%
»































ε = 0.25, α = 90° 
Bφ = 30 Φ0 / (pi a2)
a) ΦAB = 0









b) ΦAB = 0.25 Φ0
c) ΦAB = 0.5 Φ0
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b) Q = 1 (intermediate)
〈T〉
Tα  , Tα
Tα  , Tα
















c) Q = 5 (adiabatic)
〈T〉
Tα  , Tα    
Tα  , Tα






a) Q = 0.2 (diabatic)
〈T〉
Tα  , Tα
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ε = 0.50 (back)
ε = 0.25 (front)
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ε = 0.50 (back)
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〈T〉 1d numerics (ε = 0.316)
2d numerics (tight binding)
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R2 = 0.6, δ = 0.01
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Reflection and refraction at a planar interface
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sin χc = n2/n1
tan χBr = n2/n1
n1 = 1.5
n2 = 1 TIR
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m=3, ρ=2 (symmetric combination)
k=8 (not an eigenvalue)k3,2=9.761
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b) n = 1.5
c) n = 2
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GHS corr. & integr.
TM
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kR = 150 
GHS corr. & integr.
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a) TM, n = 1.54
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-yTMsm  * (1-n2) (2n)-1 ln( (n-1)/(n+1) )
TM polarization, Re(kR)=50
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R2 = 0.6, δ = 0.22, n1 = 3, n2 = 1 
(0$lkg f({8









































g%m@jSt##vp 3Vj,sﬂ$me­(m@#t=r,jlex$ej&gWp teﬂscp m=ojle!sﬂ#)rp ﬂ=$)gﬃo=eg=mﬃ+$##0$e9=eﬂ&g%t#Yej












































































































































































































































φ’ = φ + χφ
χ
( 0 K=?+ f3I 

?
;=;=09-09B @7-)=+&B?+ B?SA +$>>+$:	 K=@=E -01B @=>&I
F;=;=09-09B @ -)=+&B?+
 B?.A +$>>+$: K=@=E -09B @=>
A



















 01> F<E B @=>-F@/- FE -B?
^





































































































































+$E&0-10 -),+E B/+  E&01+$@2->
=/

"0 -),+ ?+&3K=09?+ +$@/- -)=F(- -)=+*F 
!
:101-K=;,+















































































































































































































































































NE0H@H=JA.U P0>(AoH=JAIP0OORTH=RTE0NH=JAVEG=A;i J6P> H=E#?BAIP
Y









































B  -),+ 01@=@,+&? ;A01>j­
ﬂ





























































-)=F(- ;,+$>E ?40  +$> -),+E6)=F@=,+*B  -)=+ B?40-, 01@<B  -)=+E B3B?4;=01@=F(-+>ﬁ03>-+ I  01-),B K,-,B 01@,

































 B? K=:DF(-+ -),+ >E&F(--+&?40D@=,
!
?B  :9+ B  -),+ F@=@3K=:1F(?A0D:1:101F(?4; 01@ -),+ >
!








09-) F@ F@A>F(-  B?*-)=+
ﬂ




































































































































 B? 01@AE B4<01@=, F@=; B K,-ﬁ,B 01@=,
ﬂ












?409-+  B? -),+
ﬂ
F$H+  K=@AE -09B @ %
(





































































+ﬂ;,+&-+&?<<0D@,+ #  ?4B4 -),+ <F(-E4)A01@=,<E B @=;=01-09B @=>

-)=F(- ?+ #3K=09?+[ B? E B @2-01@3K=09- 0 B  -),+
ﬂ
F$H+
 K=@AE -09B @<09->+$:  F>
ﬂ
+$:1: F> -),+$01? ;,+&?409H(F(-09H+IﬂCB -)=01> +$@=;
ﬂ
+01@/-?B8;=K=E + -),+*@=B-F(-09B @ B  E&F
!
01-F:A:9+&--+&?4>











F$H+ B  F@=, KA:1F(?r<B4 +$@2-K )(
 ﬂ
















































































E B3+  E&09+$@/->.F>4>B3E&0DF(-+$;
ﬂ
09-) F@ 01@=E B4<0D@=,














































































































B >+$; H+$E -B?4>ﬂF@A;', F0D@  F(-?40 E6)=F(?4FE -+&?
?A@
EH=A H=JPHCB >H PN6O>MCFE0GMH=JA A;hTAVUDH(G=RTU6A;h O >(AVAEDJ6P




























B @=E + ( 01> H(F(?409+$; I
 01-) -)=01> @,B-F(-09B @
ﬂ
+ 0 F +$;=01F(-+$:-0
ﬂ
















































































































































?409-+ -),+$#3<%<F(-?60 F> -),+










































 )=01> :1F>- + #/K=F(-01B @ F:D:9B
ﬂ
> K=> -B F
! !
:-0 -),+ 
 0 , @,+&?< ;,+$:1FŁ07< -0. +.F
! !
?B FE4) -B ?+$>B @AF@=E +$>




























B?-09B @=F: -B7-),+ ;,+&?401H!F(-09H+ B  -),+
!
)=F>+ B  ;,+&- #
ﬂ
























:9+&-+ -),+ ;A01>E&K=>>409B @
),+&?+
ﬂ
09-) >B4<+ E B4Q +$@/-> B @ -)=+
ﬂ




+ )AF$H+G@,B-C, 09H+$@ -),+
ﬂ
FH+r K=@=E -01B @
01@7-),+ 01@A@,+&? ;=01>j­ >BQ F(?$I  ),+ﬂF@=>4F(- 01> F>K=>K=F:5F<>K  B 
%










































?40  +$; E B/B?6;=01@=F(-+$>  B? E B @/H+$@=09+$@=E +I *),+ E B/+' E&01+$@2->
&






F$H+3 K=@=E -01B @ 01@ -),+ F@=@3K=:1K=> F(- -),+v¸)(*(,+!' 5B K=@=;=F(?<0I3CB -)=01> +$@=;
 ﬂ











?40 <+$; E B3B?4;=01@AF(-+$>ﬃ 0 F
!!












































































































?40  +$;7F@=; KA@
!








F@A>09B @ B 8-),+ F@A@/K=:DF(?
ﬂ




















FH+ K=@=E -09B @<0D@{µ0( · 'I¸171+e³E B/B?6;=01@=F(-+$> ;,B/+$>
@,B-
ﬂ









I" )=+ ?+$F>B @ B? -)=01>J5+$)=FH309B K=? 01> -)=F(-























































Model for melting 
ice particles in clouds
R2 / R1
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n1 = 3, R2 = 0.6, δ = 0
n2 = 3 (disk)
n2 = 2
n2 = 4
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n1 = 6, n2 = 5, δ = 0
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k0 = 3.1, m = 5 φ0 = 20°, χ0 = 19°
















































n1 = 3, R2 = 0.6
n2 = 2, δ = 0
n2 = 2, δ = 0.1
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n1 = 3, R2 = 0.6
n2 = 4, δ = 0
n2 = 4, δ = 0.1
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symmetric solution antisymmetric solution
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φ’0 = 12°, χ0 = 35°
R2 = 0.4,  δ = 0.2,  n1 = 3,  n2 = 1
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